Introduction
Stroke and post-stroke sequelae, including paresis and spasticity, are regarded as important health problems worldwide. 1, 2 Depending on the severity of spasticity, impairment of mobility, deformity, and pain can be the result. As a consequence, the patients' ability to perform self-care tasks is often substantially impaired and the provision of adequate professional care is a major challenge, eg, because the flexion deformity of the limbs may interfere with skin care, dressing, and seating. Compared with stroke, data on the frequency of post-stroke spasticity are sparse. Depending on setting and methodology, the published studies report a wide range of point prevalences of 18% to 42% at distinct examination time points within the first year after stroke. [2] [3] [4] [5] [6] [7] [8] [9] For any patient with spasticity, international clinical guidelines for the management of stroke recommend simple procedures to reduce spasticity, like exercise and stretching. For patients with persistent moderate to severe spasticity (ie, interfering with activities or care), botulinum toxin in combination with rehabilitation therapy is internationally recommended. [10] [11] [12] [13] [14] [15] The guidelines differ in their appraisal of other therapies, such as antispastic medication or intrathecal baclofen. In 2008, the German Society of Neurology evaluated medical and nonmedical treatment options for spasticity as part of their guidelines for diagnostics and therapy. 16 The guideline for treatment of spasticity recommends physiotherapy as basic therapy for all patients. Additional drug treatment with oral muscle relaxants, local botulinum toxin injection, or intrathecal baclofen, might facilitate movements in affected joints. The choice of drug therapy depends on the medical condition of individual patients and should be determined on a case-by-case basis.
Some studies are available for the German population on frequency of stroke [17] [18] [19] and development of spasticity after stroke. 7 However, apart from a Thai register study 9 and a Swedish cost of illness study 20 that present some data on health care utilization, we could not identify any further studies that have compared the treatment of poststroke spasticity in routine health care with actual treatment recommendations. Therefore, as a first step, we determined the frequency of acute (first-ever and recurrent) stroke and the incidence of subsequent spastic paresis in our sample. We further investigated the influence of patient age, gender, previous morbidity of diabetes, hypertensive, or ischemic heart diseases and type of stroke on the development of spastic paresis. The main objective of our study was to investigate the type of treatment that patients with post-stroke spasticity receive in routine health care and to discuss the utilization of this treatment in view of German and international clinical guideline recommendations. [10] [11] [12] [13] [14] [15] [16] 
Materials and methods

Health care system
For a better understanding of the study and the results presented, a brief description of the German health care system would be helpful. About 90% of the German population are insured by statutory health insurance, with a free choice of health insurance fund (to date, about 150 different funds exist). In contrast with many other health care systems, the ambulatory and hospital sector are separated. In ambulatory care, general practitioners and specialists work single-handed in solo or group practices. Physiotherapists can work in their own practice or be employed by a specialist (mostly an orthopedic specialist). Patients with stroke are mostly referred to a hospital, but are monitored and treated after discharge by general practitioners or specialists (eg, neurologists) in the ambulatory care setting. Neurologists and psychiatrists cannot be distinguished in claims data, because they are coded as one profession. Physicians in ambulatory care have a certain drug budget for the insured population. In the event that they exceed the budget they run the risk of being subrogated. Drug prices in hospitals are mostly cheaper compared with prices in ambulatory care. In general, in the ambulatory care setting, patients have a free choice of physician. For the first visit to a physician and for each physician visited without referral, a copayment of 10 Euros per quarter had to be made at that time by all but chronically ill patients. Furthermore, copayments are required for each prescribed drug and for a prescription of physiotherapy. For remuneration purposes, all care providers have to deliver data concerning patients, services, and treatments provided, and the diagnoses made to the health insurance funds. Since 2000, physicians in ambulatory care have to code the diseases of their patients according to International Classification of Diseases, Tenth Revision, German Modification 21 (ICD-10-GM) with the following modifier: assured, suspicion, excluded, status after. The coded diagnoses are submitted to the sickness fund. They are not linked to a specific consultation with the patient but only to the corresponding quarter of the year. If a disease persists for a longer period, the diagnosis has to be documented in each quarter in which the respective disease was treated. Hospital diagnoses are coded without any modifier. Admission diagnosis, discharge diagnosis, and secondary diagnosis are provided and coded according to ICD-10-GM code. For the time being, there is no coding option available to express whether a certain condition has been "present on admission".
Database
The study was based on routine health care data of a large German statutory health insurance fund (AOK, Die Gesundheitskasse, a German health insurance fund) located submit your manuscript | www.dovepress.com
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in the federal state of Hesse. Nationwide, the AOK covers approximately 37% of all members of the statutory health insurance system in Germany, corresponding to slightly less than a third of the total German population of 82 million people. It consists of 14 regional funds, of which one covers the federal state of Hesse situated in west-central Germany, with 6 million inhabitants. Health insurance provided data for an 18.75% random sample of all insured persons for this study. 22 All data were pseudonymized and include information on patient age and gender, period of insurance cover, and inpatient and ambulatory care received. The study was conducted according to the German Social Security Code X, §75 "Transfer of social data for research and planning" and approved by the Hessian Ministry of Social Affairs. Ethical approval was not required in view of the nonexperimental design of the study, and in line with the German good practice guideline for analysis of routine data. 23 The 
Study population with acute stroke
Patients who suffered from acute stroke due to hemorrhage or cerebral infarction in 2009 were identified by their first hospital discharge diagnosis of the year with one of the ICD-10-GM codes, 21 ie, I60-I64. Validation studies carried out in Finland, England and the USA showed a good validity of ICD hospital discharge diagnosis of stroke. [24] [25] [26] No German validation study has been conducted on this topic. However, we consider the hospital discharge coding in Germany to be valid as the diagnoses are relevant for remuneration purposes and therefore are controlled. The date of hospital admission was deemed to be the date of the stroke event. All cases of acute stroke (first-ever and recurrent) were included as the type of stroke has no influence on the treatment of the post-stroke spasticity. The prevalence of acute stroke was calculated per 1000 and standardized according to the age and sex distribution of the population of Germany on 31.12.2009. 95% Clopper-Pearson confidence intervals (CI) were computed for proportions. The 95% confidence intervals for the standardized stroke rates were calculated by non-parametric Bootstrap (using the bias-corrected and accelerated method). 27 Patients with a diagnosis of paresis up to 180 days (inpatient care) or two quarters (ambulatory care) before stroke were excluded from the subsequent analysis. Hence, patients with acute stroke in 2009 (first-ever or recurrent) without diagnosis of paresis in the 6 months before their stroke were included into the subsequent analysis.
Study population with post-stroke spasticity/paresis Patients were followed up for six months after their stroke (observation period 1) for inpatient or ambulatory diagnoses of paresis: ICD-10-GM codes G81 (hemiplegia), G82 (paraplegia and tetraplegia), and G83 (other paralytic syndromes, excluding G82.6, G83.4, G83.8). Patients who received a G81.1, G82.1, or G82.4 ICD-10-GM diagnosis (spastic hemiplegia, paraplegia, or tetraplegia, respectively) in hospital or ambulatory care were assumed to suffer from spastic paresis. We included all diagnoses of paresis marked as "assured" and coded in the quarter of the stroke or in one of the two following quarters. The first documentation of spasticity, ie, hospital admission date or the date of the first visit to the documenting physician in ambulatory care, served as the date of onset of spasticity. The percentage of newly diagnosed paresis patients in the stroke population was computed along with 95% Clopper-Pearson confidence intervals. The numbers are given separately for survivors and deceased to reveal possible differences. 
Factors influencing the development of spasticity
We used Cox regression to analyze the influence of age, gender, previous morbidity and type of stroke on the development of spastic paresis compared with no paresis. Previous morbidity was determined as an assured diagnosis of diabetes mellitus (ICD-10-GM codes E10-E14), hypertensive disease (I10-I15), or ischemic heart disease (I20-I25) within six months before stroke. Patients with a diagnosis of unspecified or flaccid paresis were excluded from the analysis. Thus, 558 stroke patients with no paresis or spastic paresis were included in our analysis. The level of significance was set at α = 0.05. All statistical analyses were performed using the SAS software version 9.2 (SAS Institute, Cary, NC, USA).
Analysis of spasticity treatment
The German clinical guideline on therapy of spasticity recommends physiotherapy as basic treatment for all patients, and additional drug therapy in individual cases, depending on severity. 16 We determined the percentage of spastic patients who received nonmedical treatment or drug therapy within six months after the first diagnosis of spasticity (observation period 2) and computed corresponding 95% Clopper-Pearson confidence intervals. In the data the treatment is not linked to a specific diagnosis. Furthermore, the analyzed treatments are indicated in other diseases as well. Therefore, we analyzed changes in the frequency of the treatment of interest in the spasticity population by comparing the six-month period before stroke with the six-month period after diagnosis of spasticity. Data are presented separately for survivors and deceased cases to reveal possible differences.
To analyze nonmedical therapy, we considered the following services: inpatient physiotherapy also with complex inpatient neurological therapy, early-onset rehabilitation therapy, and inpatient rehabilitation and physiotherapy in ambulatory care. The services are reimbursed according to the documented codes (operation procedure classification codes for inpatients, diagnosis-related groups for patients in ambulatory care; German doctors' fee scale, 28 AOK-specific codes). The code numbers can be made available from the authors upon request.
For analysis of drug therapy using oral muscle relaxants, we included drugs according to the Anatomical Therapeutic Chemical classification system (ATC) with ATC codes M03B (muscle relaxants, centrally acting agents), M03CA01 (dantrolene), as well as the benzodiazepines clonazepam (N03AE01) and diazepam (N05BA01). To cover intrathecal baclofen therapy, we included prescriptions of baclofen in ampullae (M03BX01) for ambulatory care and operation procedure classification code 8011, for the intrathecal application of drugs (inpatient therapy). Botulinum toxin injections were assessed by including prescriptions with ATC codes M03AX or operation procedure classification code 6003.8 (application of drugs, botulinum toxin).
Results
Frequency of acute stroke
In 2009, 1263 of the 242,090 insurants (sample population) were admitted to a hospital for acute stroke (first-ever or recurrent). The mean age of the stroke patients was 75 ± 11.9 (range 5-100) years. For men (48%, 604 in total) the mean age was 71 ± 11.2 (range 9-94) years and for women (52%, 659 in total) was 78 ± 11.8 (range 5-100) years. Stroke occurred at a rate of 5.2 per 1000 (95% CI 4.9-5.5). Standardized to the German population (reference date, December 31, 2009) by age and gender, the rate was 3.7 per 1000 (95% CI 3.4-3.9). Table 1 shows the rates stratified by type of stroke and gender.
Spastic paresis after acute stroke
Of 1263 patients with acute stroke, 96 were excluded from the analysis due to diagnosis of paresis up to six months prior to acute stroke. In total, we observed 1167 patients for six months after stroke with regard to documentation of a diagnosis of paresis (observation period 1). Results for patients who died during this period are presented separately; 59.6% of survivors and 75.1% of deceased patients developed paresis (see Table 2 providing details according to type of diagnosis). Within six months after stroke a diagnosis of spasticity was documented in 10.2% of survivors. Even though the observation period was shorter for non-survivors as the event of death occurred during the study period, the percentage of non-survivors developing spasticity was slightly higher (12.8%). However, corresponding confidence intervals overlap, ie, differences were non-significant. Patients with flaccid paresis may develop spastic paresis later on. We found that both, flaccid and spastic paresis, were documented within the 6-month observation period for 4.3% of all survivors and 5.8% of all deceased stroke patients. their influence on the development of spastic paresis as compared with no paresis. None of these factors had a significant influence on the development of spasticity.
Factors influencing development of spasticity
Treatment of spasticity
Treatment for spasticity was analyzed based on 126 patients who developed spastic paresis in the six months following their stroke. Guideline-recommended therapies, ie, physiotherapy and muscle relaxant drug therapy were performed during the six months after the initial diagnosis of spasticity (observation period 2). The proportion of post-stroke spasticity patients receiving treatments such as physiotherapy increased considerably in the six-month period after onset of spasticity. The proportion of patients receiving inpatient physiotherapy was comparable between survivors and nonsurvivors (approximately 88%). Of all the survivors, 47.8% received physiotherapy in ambulatory care compared with 8.8% of nonsurvivors (Table 4) . Of the non-survivors who contacted an ambulatory care physician following their hospital stay, ie, who had the chance to receive a prescription of physiotherapy, 12% underwent physiotherapy in ambulatory care.
One patient (0.8%) received oral baclofen therapy before diagnosis of stroke versus 9.8% of the surviving patients after onset of spasticity. Other muscle relaxants already prescribed before stroke were diazepam (n = 1), tetrazepam (n = 2), and tolperisone (n = 1). After onset of spasticity, tinzanidin (n = 1), diazepam (n = 4), methocarbamol (n = 1), and tolperisone (n = 1) were prescribed. Overall, 4% of patients received oral muscle relaxants in the six months before their stroke, whereas utilization of this therapy increased to 13% after development of spasticity. No patient received intrathecal baclofen therapy or botulinum toxin (Table 4) .
Discussion
Acute stroke
Standardized to the German population by age and gender, 3.7 per 1000 insured persons suffered from acute stroke (firstever and recurrent) in 2009 according to our data. Compared with other studies in Germany, 18, 19 we determined a higher rate of acute stroke because we did not restrict our analysis to first-ever stroke. For example, when analyzing claims data for 24.1 million AOK insurants, Günster et al reported a standardized first-ever stroke incidence rate of 2.7 per 1000 for the year 2008, excluding 25% of patients with stroke or transient ischemic attack within a 5-year period prior to stroke (ICD-10, I60-I64; age-and gender-adjusted to the German submit your manuscript | www.dovepress.com 
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population in 2007)
. 18 A study by van den Bussche et al based on 1,700,000 insurants of the German statutory health insurer, Gmünder Ersatzkasse, found a much lower hospitalized firstever stroke incidence rate of 1.23 per 1000 in 2006 (ICD-10, I60-I64, gender-adjusted). 19 In addition to methodological differences, which hamper the comparison of rates, one has to take into account that there are hints that insurees in the different sickness funds might have different morbidity risks, even when adjusting for gender and age. 29 
Spastic paresis after acute stroke
Several international and national clinical studies have followed up first-time stroke patients for spasticity (point prevalence at examination time) using the modif ied Ashworth Scale for clinical assessment. 2 The observed prevalences for spasticity vary substantially across studies. A Swedish study by Lundström et al found a rate of spasticity of 18% among 140 patients one year after stroke (mean age of participants 71 ± 13 years; 48% women). 4 An earlier Swedish study by Sommerfeld et al reported a 21% rate of spasticity a few days after stroke and a rate of 19% 3 months after stroke (95 patients; mean age 78 ± 9.5 years; 63% women). 5 Further follow-up of the patients found a rate of spasticity of 20% among 66 patients still under observation after 18 months (mean age 76 ± 10 years; 67% women). 6 In contrast, a German study by Wissel et al 7 and a UK-based study by Watkins et al reported higher prevalences; 8 Wissel et al found the following rates of spasticity (initial cohort 103 patients, mean age 69 [range years; 38% women): 24.5% of 94 patients at baseline (median 6 days after stroke), 26.7% of 86 patients at first follow-up (median duration until disease onset 6 weeks after stroke), and 21.7% of 83 patients at second follow-up (median 16 weeks after stroke). 7 The study by Watkins et al, which
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included patients with previous stroke, found that 27% of 106 patients had developed spasticity during the 12 months following stroke (mean age 70 ± 11 years; 49% women). 8 They found no significant differences in rates of spasticity between first-ever stroke patients and patients with previous stroke. Again, the setting is relevant when comparing rates. The Thai register study, for example, reported a high prevalence of post-stroke spasticity of 41.6% in 327 enrolled patients, but could not rule out that this high rate was due to potentially nonrepresentative selection of patients entering inpatient rehabilitation after development of spasticity. 9 In the study by Welmer et al, spasticity was significantly more common in younger stroke patients 3 months, but not 18 months, after stroke diagnosis. 30 Lundström et al presented similar findings based on patients with severe and disabling forms of spasticity. 4 Their results indicate that the influence of age may be significant only for a certain period of time and in specific subgroups with severe spasticity.
Our analysis showed that age, gender, type of stroke, and previous morbidity did not significantly influence the development of spasticity and hence do not explain the different findings of the modified Ashworth Scale-based studies. Further, we found a much lower rate of spasticity of 10.2% among survivors within 6 months after stroke (period prevalence). Possible explanations are that low modified Ashworth grades are not routinely or are insufficiently documented in routine patient care. In addition, the low rate might be explained by the fact that about 15% of the patients received an unspecified diagnosis that did not classify the paresis as flaccid or spastic. We found an increased prescription of oral muscle relaxants also among patients with an unspecified diagnosis, albeit lower than among patients with spasticity diagnosis. This indicates that patients with spasticity are among patients with an unspecified diagnosis. Therefore, the "real" percentage of spastic paresis may be higher.
Treatment of spasticity
We analyzed the implementation of options chosen to treat spasticity along with corresponding frequencies in comparison with clinical guideline recommendations from the German Society of Neurology 16 and the German consensus statement on botulinum toxin in the treatment of adult spasticity, an interdisciplinary German 10-point consensus from 2010. 31 In accordance with international guidelines, [10] [11] [12] [13] [14] [15] the German guideline recommends physiotherapy as basic treatment for all patients with spastic paresis. One sixth of the patients analyzed had already received physiotherapy six months before their stroke. This finding is not surprising because physiotherapy is indicated for many disorders, including back pain and fractures. However, during the six months following the onset of spasticity, the percentage of patients receiving physiotherapy increased considerably to 97% among survivors and 88% among patients who died within six months after the onset of spasticity. Given that physiotherapy may to some extent be prescribed for other post-stroke sequelae, we may have overestimated the use of physiotherapy for spasticity. Compared with the percentage of inpatients receiving physiotherapy, the percentage of survivors treated after transition into ambulatory care is low (89% versus 48%). We can only speculate about the reasons for this, such as limited possibilities for patients to reach available services, lack of information, or inability to perform physiotherapy due to deteriorating health status. Wissel et al 32 recently addressed barriers preventing seamless post-stroke care for different countries. They argue for case managers and discharge planning to improve post-acute ambulatory care. In the US Behavioral Risk Factor Surveillance System survey, only about 31% of stroke survivors received post-hospital rehabilitation. 33 That research stresses the importance of family and caregiver support for ensuring receipt and continuation of outpatient rehabilitation. Physiotherapy is a strongly recommended basic treatment for spasticity. In the light of our findings, its utilization should be increased.
In addition to physiotherapy, the German guideline recommends oral muscle relaxants for immobile patients with severe spasticity to reduce muscle tone, to improve the passive range of movement and, subsequently, to facilitate care and hygiene. However, the guideline points out that functional improvement, such as active movement, cannot be expected after treatment with oral muscle relaxants. Baclofen and tizanidine are considered to be the drugs of choice because of their small number of side effects. International guidelines [10] [11] [12] [13] 15 only restrictedly recommend oral agents, eg, for generalized spasticity 10, 11 or in case of painful, disabling spasticity 15 and refer to the side effects of the drugs. 13, 15 In our study, the frequency of treatment with muscle relaxants, especially baclofen, did increase within six months after onset of spasticity compared with the six month before stroke. Not unexpectedly, we found prescriptions of oral muscle relaxants before stroke because they are also used for the treatment of other conditions, such as spinal disorders and muscle pain. The scope of the data does not allow us to assess the appropriateness of oral muscle relaxant prescribing in individual spasticity cases due to lack of information on disease severity.
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According to international and German clinical guidelines, intrathecal baclofen should be restricted to patients suffering from severe, chronic spastic paraparesis and tetraparesis who cannot be successfully treated with physiotherapy and standard drug therapy. [10] [11] [12] 15, 16, 34 Spastic paraparesis/tetraparesis is a rare complication after stroke, and not surprisingly, we found only two patients with this diagnosis in our data set of 1167 stroke patients. Spastic hemiplegia is a further, albeit less important, indication for intrathecal baclofen therapy because studies have shown a positive effect, especially on associated pain. Given that intrathecal baclofen is rarely indicated, it is not surprising that no patient in our study received this therapy.
The German clinical guideline and the consensus statement 16, 30 as well as international guidelines [10] [11] [12] [13] [14] [15] 35 classify local botulinum toxin injection as evidence-based therapy for focal and regional spasticity. In contrast with other European countries, botulinum toxin is only licensed in Germany for the treatment of spasticity of the upper and not the lower extremities. The authors of the consensus paper recommend a realistic individual target, such as reduction of pain, ease of care, prevention of secondary complications, and improvement of function or self-perception. 30 They estimate that botulinum toxin therapy is indicated in at least 5000 additional patients with spasticity after stroke annually in Germany. 30 However, no patient in our database received such treatment. In order to check whether botulinum toxin injections are sufficiently covered by our data, we compared the total amount of defined daily doses of botulinum toxin prescribed for any indication to all insurants in our database with the published number of defined daily doses prescribed to all insurants of statutory health insurances in Germany. 36 Extrapolation of our data to the number of all insurants in Germany revealed that the amount of prescribed defined daily doses are comparable between our study sample and all German insurants.
Botulinum toxin is not implemented as treatment for spasticity in Germany so far. Studies on barriers to guideline implementation point out general implementation barriers, eg, lack of guideline awareness or agreement, as well as setting specific barriers. 37 The authors of the UK national guideline of stroke explicitly mention implications of their treatment recommendations of post-stroke spasticity that might explain barriers of implementation, ie, need for provision of a specialized service for patients with severe spasticity in every geographical area and the high costs for botulinum toxin injection and necessary health staff time. 10 The guideline points out that the costs for the treatment of poorly controlled spasticity are unknown and might be high as well, but will mostly be paid by other budgets. In the event of botulinum toxin therapy, in Germany, these barriers could be high costs straining the drug budget of the physician or lack of access to specialists performing botulinum toxin injections. The challenge of separate budgets for inpatient, ambulatory, and long-term nursing care, as mentioned in the UK guideline, has been addressed as a possible barrier for guideline implementation in Germany as well.
We could not identify any study analyzing the treatment of patients with post-stroke spasticity in everyday practice. The Thai study based on a register 9 reported some data concerning inpatient treatment for 83 of 136 patients with spasticity. Nearly three-quarters of those patients received therapeutic exercise; 21.8% (elbow flexor) and 23.8% (knee flexor) were treated with oral medications (not further specified), and eight patients received botulinum toxin. The low percentage of patients with intramuscular neurolysis was ascribed to the low number of patients with spasticity of modified Ashworth Scale grade 3 or 4. 9 
Study limitations and strengths
The study has some limitations. The data cover one insurance fund and one region of Germany, so any generalization of the results has to be done with caution. Because the AOK insures about a third of the German population, we feel confident in making statements for a relevant part of the population. The study is based on claims data that have been collected for administrative purposes. The documented diagnoses were made by the treating physician and could not be confirmed by external clinical examination of the patients. We recruited the stroke patients by hospital diagnosis because acute stroke events are mostly treated in hospital. If stroke was the reason for the hospital stay it is reliably documented in the data because hospitals must document detailed diagnoses for remuneration purposes. Low grades of spasticity may not have been documented if they had required no treatment. Because we had no data on severity of illness, we could not confirm the positive dose-response relationship between physiotherapy resource provision and health outcome in stroke patients as reported by a recently published study. 38 However, compared with clinical studies, the scope of the data is a particular strength. Especially in an elderly population with poor health status, as in the case of stroke patients, many patients are probably not able or refuse to participate in clinical trials. Our data allowed us to monitor all persons receiving health care while avoiding selection bias and loss to follow-up. The investigated medical and nonmedical submit your manuscript | www.dovepress.com Dovepress Dovepress treatment is completely covered by the data. Furthermore, the data base is free of recall bias because it reflects health care utilization independent of memory.
Conclusion
Our study confirms that a relevant percentage of stroke patients suffer from post-stroke spasticity in Germany. To our knowledge, the present study is the first to provide insight into the treatment of post-stroke spasticity in routine health care in comparison with German clinical guideline recommendations. Our data indicate that the provision of physiotherapy in ambulatory care should be increased. According to guideline recommendations, botulinum toxin by injection seems to be underutilized. Further studies, eg, in the setting of ambulant or hospital care, should identify patients with inadequate treatment of post-stroke spasticity and reveal barriers to guideline implementation. Within the framework of continual medical education, general practitioners and neurologists should be informed and motivated to assess their patients with post-stroke spasticity for the need of physiotherapy or medical treatment. Future analyses of routine health care data enable monitoring of the success of efforts to improve guideline implementation.
